Introduction
Even though he was not the first to describe it, the name of Francois Gigot de la Peyronie, surgeon to Louis XV of France, has become synonymous with the rather enigmatic though not uncommon condition of Peyronie's disease. De la Peyronie considered chronic irritation through sexual abuse as well as sexually transmitted disease to be causative factors. Since the initial description of this disease, however, little progress has been made in discovering its cause, consistently successful treatment options, or the actual incidence of the disease with time.
Peyronie's disease is a disorder characterized by fibrotic plaques of the tunica albuginea penis. 1 -3 Over 250 y after the first description, the etiology of the disorder still remains obscure. The most widely accepted hypothesis is the initiation of Peyronie's disease by trauma to the erect penis with subsequent aberrant wound healing and scar formation. 4 -6 Some authors have suggested an infectious aetiology, autoimmune disease or local manifestation of a general fibromatosis. 7 -10 Because of the still unresolved debate over the causation of abnormal production of fibrous tissue and the optimal therapy for Peyronie's disease, as well as its unclear natural history, new epidemiological studies represent an important approach to a better understanding of this penile fibromatosis. There is great demand for evaluation of prevalence data.
The epidemiological data on Peyronie's disease is quite inconsistent. Polkey 11 reported on 550 case reports worldwide up to 1928, and an Italian publication, published in 1966, described 3600 affected patients. 12 In 1968, Ludvik 13 established a rate of 0.3 -0.7% in all male patients seen in one private urological practice.
Lindsey et al 14 in their 1991 study, postulated a prevalence of 388.6 cases of Peyronie's disease per 100 000 male patients in Rochester, Minnesota. At Devine's institution, about 1% of the male physician population between 30 and 65 y of age had Peyronie's disease. 15 On the other hand, the disorder has been established much more frequently in autopsies, such as by Smith, who observed a mild form in 23 of 100 male post mortem examinations. 16 Thus the estimated number of unknown cases in men over the age of 45 seems to be much greater than the most advanced or fully manifested stages diagnosed in the consulting room may suggest.
Therefore our Department decided to perform an evaluation of the prevalence of this not uncommon disease.
Patients and methods
A total of 8000 men living in the greater Cologne area ( % 1.5 million inhabitants) received via the mail a validated questionnaire. The questionnaire consisted of four parts: first, a cover sheet requesting demographic and socio-economic data, as well as information on disease-related factors such as smoking and alcohol habits, diabetes, cardiovascular diseases including high blood pressure, heart insufficiency and arteriosclerosis, hernia, history of drug therapy=medication and any operations; second, a set of questions on sexuality; third, data on micturition or 'lower urinary tract symptoms' (LUTS); and fourth, questions concerning Peyronie's disease.
Validation
Prior to the mailing, the questions referring to Peyronie's disease were validated based on 182 patients treated in our outpatient department, including 158 men without Peyronie's disease and 24 patients with this penile fibromatosis. A physical examination was performed on these patients and, if evidence of PD was found, an additional intracavernous injection of prostaglandin E1, resulting in artificial erection, proved deviation. In this way subjective information could be objectified by clinical examination to establish descriptive diagnostic quality terms such as sensitivity or specificity. The mean age of the 182 men was 50.9 AE 9.7 y, with an age range from 24 to 70. The mean age of the 24 patients with evidence of PD was 54.5 AE 7.9 y, with an age range from 26 to 69.
Sensitivity of the question on penile plaque was 100%, while specificity was 99.4%. Of the 24 men with palpable induration, 23 (96%) reported a bent erection, although curvature could be confirmed in all 24 patients by intracavernous injection. Fourteen of the 24 men (58.3%) suffered from painful erection, as did 14 of the 158 men (8.9%) without Peyronie's disease. Twelve of the 24 PD patients (50%) reported erectile dysfunction.
Survey
After validation of the survey questions, questionnaires were mailed to 8000 men aged 30 -80 y living in Cologne, whose addresses were provided by the Cologne public registration office. Selection of the participating men followed age stratification (30 -80 y) and comprised all social classes. This selection is therefore equivalent to a representative crosssection of the general population of a European city.
To achieve a high response rate, the mailing was repeated three times over a period of 6 months.
Statistics
Data were evaluated using standard SPSS software. Crude prevalences were calculated for each age group separately. Exact Clopper-Pearson confidence intervals were calculated for taking into account low prevalence rates.
Results
Response rate after the third mailing was 55.4% (4432 out of 8000 men). The mean age was 51.7 AE 13.1 y, with an age range from 30 to 80 y.
Of the 4432 responses, 142 men reported a palpable penile plaque. The prevalence of Peyronie's disease was therefore 3.2%, with a steep agerelated increase (1.5 -6.5%). The increase was linear in the age groups from 30 to 49 y, while the age groups from 50 upwards showed an exponential increase in prevalence. The mean age of these men was 57.4 AE 13.4 y, with an age range from 31 to 78 y. Age stratification showed that only 1.5% of the group between 30 and 39 y noticed an induration, in contrast to 3% of the 40 -49 and 50 -59 y age groups, 4% of the men aged between 60 and 69 y and 6.5% of the men over the age of 70 (Figure 1 ).
Three men experienced induration alone (0.07% of 4432). A combination of penile induration and deviation without pain was reported by 73 men (1.65% of 4432), and of induration and pain but without deviation by 20 men (0.45% of 4432). The triad of plaque, angulation and painful erection occurred in 46 men (1.04% of 4432), as shown in Figure 2 . 
Consequently, 119 of the 142 affected men (83.8%) suffered from penile curvature during erection (2.69% of 4432) and 66 men (46.5%) from pain (1.49% of 4432) ( Table 1) .
Of the 142 men with palpable plaque, 58 (40.8%) reported erectile dysfunction. Evaluation of questions on internal diseases showed a higher rate of diabetes (18.3% vs 6.0%) and therapy with bblockers (22.5% -14.2%) in men with PD compared to those not affected (Table 2 ). There was no association of Peyronie's disease with other diseases (heart insufficiency and arteriosclerosis, hernia, history of other drug therapy=medication such as b-blockers and any other operations), 'lower urinary tract symptoms' (LUTS), pelvic surgery, drinking alcohol and smoking.
Discussion
To our knowledge, this study provides the first prevalence rates for Peyronie's disease in a defined community in Europe. Demonstrated epidemiological data obtained by means of a mailed questionnaire survey support the thesis of a higher prevalence rate than formerly accepted. All questions were checked beforehand as to their validity. Participants in the study were chosen randomly and represent a valid, age-stratified cross-section of all male inhabitants of a German city, selected from all population classes. Considering the very private nature of the questions, a response rate of 55.4% is a good result. 17 On the other hand, it must be pointed out that no data are available for the non-responders. Such information is critical for an understanding of the possible bias of the study.
The currently most quoted publication on Peyronie's disease is that of Lindsay and co-workers from 1991, who determined a prevalence of 0.39% in a large patient population. 14 An average annual crude incidence rate of 22.4 per male population of 100 000 was found. Mean patient age at diagnosis was 53 y (range 19 -83 y). The highest incidence is reported for the 50 to 59-year age group. 14 Devine reported on two separate populations, with 1% prevalence of a symptomatic penile induration. 15 In contrast, we were able to confirm the suspicion that the prevalence of plastic penile induration is much higher than 1%. Of the five objective criteria of Peyronie's disease (induration, number, size and localization of plaque and bending), the validated question addressing palpable plaque, which can be answered by self-examination, was considered the most sensitive question for determining manifestation of this localized connective tissue disease. Byströ m and Rubio 2 likewise identified a palpable penile induration as the main symptom of PD in 103 of 106 men with Peyronie's disease.
In our survey a prevalence of 3.2% was found. This surpasses the formerly assumed maximum rate by more than a factor of three. Therefore, the prevalence of Peyronie's disease seems to be equivalent to that of important public diseases like diabetes and urolithiasis, both established in 3% -4% of the general population.
Shaw et al retrospectively reviewed data from three hospitals in New Orleans from 1994 to 2000. 18 The racial distribution for PD was the following: 77.6% were Caucasian (Northern Europe descent), 19.4% were African-American, and 2.9% were of Hispanic origion: There were no Asian males with PD in the reviewed cohort. *Significant difference (two-sided P < 0.01).
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The age of our outpatients (mean 50.9 AE 9.7 y) involved in validating the questions is comparable to the age of the survey respondents (mean 51.7 AE 13.1 y), but the mean age of the affected men was higher (54.5 AE 7.9 y in validation, 57.4 AE 13.4 y in survey). The risk of acquiring Peyronie's disease increases with advancing age. This may result from the inevitabale accumulation of sexual activities, which over the years augments the risk of repetitive penile trauma, or from the increased vulnerability of the tunica albuginea. 13, 14, 16 The prevalence rates in the older age groups reflect this hypothesis.
Additionally, we can confirm that diabetes seems to be a potential risk factor 8, 10, 19 as the share of diabetics with Peyronie's disease was three times greater (18.3 vs 6.0%).
Penile induration plus newly occurring deviation during erection were reported by 84% of those affected, induration and painful erection by 46%. Thus the resulting prevalence rates of these combined symptoms are higher than has been published previously: coincidence of induration and curvature was found in 119=4432 men (2.69%), of induration and pain in 66=4432 men (1.49%). Furthermore, a combination of all three symptoms (induration, curvature and pain) was observed by 1.04% of all respondents (46=4432 men) -a count so far accepted as the maximum prevalence rate for Peyronie's disease. This is indeed a high rate, since pain is usually reported only in the acute inflammation stage by 10% -50% of men with PD. 3, 15 Localized penile induration is equivalent to scar formation and leads in the majority of cases to penile curvature during erection. At least 30%, 20 and in our series 40.8% of those with Peyronie's disease suffer from erectile dysfunction because of pain or inability to achieve vaginal penetration.
The etiology of Peyronie's disease still remains unclear. It has been associated with a generalized fibrotic tendency, 21, 22 and patients with this disorder have been reported to have an increased incidence of Depuytren's constructure (up to 48% reported in non-population-based studies) 23 In the Rochester study, only four patients (4%) had a diagnosis of Dupuytren's contracture. 14 Although Dupuytren's contracture is considered uncommon, in the absence of incidence rates for comparison, no conclusions can be drawn from these data.
Several investigators have linked Peyronie's disease to the use of b-blockers, particularly propranolol hydrochloride. 21 Among our patients with Peyronie's disease, b-blocker use was uncommon before 1975. Based upon the comparison between bblocker use in the male population of Rochester and in patients with Peyronie's disease, the data suggest no association. 14 On the other hand, if one compares the prevalence of a diagnosis of hypertension among the patients with Peyronie's disease and the Rochester male population, the data suggest that hypertension is, indeed, more common among the patients. 14 
Conclusions
This is, to our knowledge, the first large European study to evaluate the prevalence of Peyronie's disease. By means of a mailed questionnaire survey using previously validated questions, a prevalence rate of 3.2% was determined in the 4432 male inhabitants of the greater Cologne area who responded. This is much higher than revealed by the data reported up to now, thus rendering the accepted prevalence rates of 0.3 -1% untenable. The actual prevalence of Peyronie's disease may be higher, since many patients are reluctant to report this embarrassing disorder to their physicians. Along these lines, most clinicians note that the number of Peyronie's patients has increased since the advent of oral sildenafil. With more men being successfully treated for erectile dysfunction (ED), an increasing number of Peyronie's cases are becoming manifest and being presented for evaluation. Men with Peyronie's disease may complain of penile pain, penile angulation, palpable plaque, and decreased erectile function. Comparably high prevalences are known for diabetes and urolithiasis, suggesting a greater frequency of this 'rare' disease than formerly believed.
Because of the current fundamental change in the population structure, with the consequent growing importance of age-correlated diseases and focus on successful treatment of erectile dysfunction, such sexual function disorders will continue to attract increasing attention on the part of the general public in the future.
